Background: Cervical cancer screening guidelines were substantially revised in 2002 and 2003. Little information is available about primary care physicians' current Papanicolaou (Pap) test screening practices, including initiation, frequency, and stopping.
I n 2008, approximately 11 000 women in the United
States received a diagnosis of invasive cervical cancer, and nearly 4000 women died of the disease (1) . Although Papanicolaou (Pap) test screening, an evaluation of cervical cells for abnormalities for early detection of cervical cancer, is widely used (2-4), some women have never or rarely been screened (5) . Others continue to be screened even after they are no longer at risk for cervical cancer (for example, those who had hysterectomy for benign disease) (6, 7) . Although many patient factors are associated with screening (2, 8, 9) , physician recommendation is one of the strongest predictors of cervical cancer screening (10, 11) . By recommending such preventive services as Pap test screening to their patients, primary care physicians play a central role in implementing the screening guidelines of major professional organizations.
During 2002 and 2003, cervical cancer screening guidelines for prevention and early detection of cervical cancer were substantially revised to reflect increased understanding of the natural history of human papillomavirus (HPV) infection and its role in the development of cervical cancer, as well as to reflect the introduction of new screening methods, including liquid-based cytology (12) (13) (14) . Revised guidelines addressed the ideal age for starting routine Pap test screening and appropriate intervals between screening tests and identified situations when routine Pap testing should be stopped ( Table 1) . To assess the effect of these revisions, the National Cancer Institute, in collaboration with the Centers for Disease Control and Prevention and the Agency for Healthcare Research and Quality, conducted a national cross-sectional survey of primary care physicians about current cervical cancer screening recommendations and practices.
METHODS

Survey Procedures
We used the American Medical Association (AMA) Physician Masterfile as the sampling frame to identify a nationally representative sample of primary care physicians. The Masterfile contains demographic and practice-related data on physicians independent of AMA membership. Physicians who were younger than 76 years, held an active license, and listed patient care as their major professional activity were eligible. We excluded physicians who were retired, in residency training, teaching, or in research or administration full-time. We selected physicians practicing in general practice, family practice, general internal medicine, and obstetrics/gynecology (OB/GYN), using a stratified random sample with the 4 specialties as the sampling strata. Selection was proportional to the specialty's representation in the U.S. physician population. The survey was administered by the contract research firm, Westat (Rockville, Maryland), and approved by the institutional review board of Westat, as well as by the U.S. Office of Management and Budget. The protocol was reviewed by the National Institutes of Health Office of Human Subjects Research and considered exempt by the National Institutes of Health institutional review board.
The primary care physician survey of cervical cancer screening was part of a larger effort to obtain current national data on physicians' knowledge, attitudes, recommendations, and practices related to screening for breast, cervical, colorectal, and lung cancer (15) . Because of the need for a brief survey instrument and the complexity of the different screening technologies for each case of cancer, we used a split-sample design in which half of the participants were randomly assigned the breast and cervical cancer screening questionnaire and the other half were assigned the colorectal and lung cancer screening questionnaire.
To provide national estimates of physicians' breast and cervical cancer screening practices with a margin of error of Ϯ3% at a 95% CI for the 4 specialties, Westat researchers identified 2567 physicians (Appendix Figure, available at www.annals.org). Physicians who requested that the AMA not release their contact information ("no contact" physicians; n ϭ 92) were included in the sample to develop accurate sample weights, but they were not surveyed. Westat researchers screened the remaining 2475 physicians to exclude those who had retired or died, no longer practiced, or could not be located (n ϭ 527). In September 2006, the remaining 1948 eligible physicians were sent a package containing the survey instrument, a cover letter describing 
Measures
The survey included questions about demographic and primary care practice characteristics and knowledge, attitudes, recommendations, and practices related to use of established and emerging technologies for cervical cancer screening (16) . The survey questions were cognitively tested in physicians before fielding. We selected measures of physician and practice characteristics that have been shown elsewhere to be associated with practice patterns, and we identified other novel measures that we hypothesized were associated with reported screening practice.
Physician characteristics were age, sex, race, board certification, medical school affiliation, and specialty. Because of the small number of general practice physicians (n ϭ 50) and the similarities in screening behaviors identified here and in other studies of cancer screening (17), we combined general practice and family physicians in our analyses. Practice characteristics measured were urban or rural designation, region of the country, practice type, and percentage of uninsured and female patients seen in practice.
We measured Pap test screening practices by the volume of Pap tests ordered or performed per month, working with a nurse practitioner or physician assistant, recent continuing medical education credit earned on cervical cancer screening, and most common cytology method used (liquid-based, conventional, or other method). We also assessed implementation of cervical cancer screening guidelines in the practice and patient or physician reminders for screening in the primary care practice. Because we were interested in the systematic use of reminders, we did not classify responses of verbal prompt at office visit or looking up in the medical record at the time of visit as being either a patient or a physician reminder.
Screening beliefs included opinions about the effectiveness of the conventional Pap test and liquid-based cytology in reducing cancer mortality and whether screening guidelines from the U.S. Preventive Services Task Force, American Cancer Society, American College of Obstetricians and Gynecologists, American Academy of Family Physicians, or American College of Physicians were influential on their clinical practice.
We Guideline-consistent screening recommendations were defined for clinical vignettes in which the major screening guidelines were uniform at the time of the survey ( Table  1) . Two vignettes described the screening initiation of 18-year-old women presenting for their first gynecologic visit: One had never had sexual intercourse, and the other first had sexual intercourse 3 years ago. Guideline-consistent responses for these 2 vignettes were no Pap screening and Pap screening at least every 3 years, respectively. For the scenario describing the 18-year-old who first had sexual intercourse 3 years ago, responses of Pap annually, at least for the first 3 years, every 2 years, and every 3 years were considered to be guideline-consistent. The third vignette described a 35-year-old woman whose cervix was removed the previous year during hysterectomy for symptomatic fibroids and who had no history of dysplasia and 3 consecutive negative Pap test results. All guidelines recommend stopping Pap testing. The fourth vignette described a 66-year-old woman with unresectable non-small-cell lung cancer (NSCLC) who had 3 consecutive negative Pap test results. Median survival for a patient with unresectable NSCLC is generally measured in months, and because no benefits of screening could be realized, we considered a recommendation of no Pap test to be consistent with good clinical practice. To reflect the diversity of practice, including recommendations for starting and stopping Pap testing, we created a composite measure for all 4 vignettes as guideline-consistent (yes or no), and we used this measure as an outcome variable in multivariate analyses.
Statistical Analysis
We calculated the proportion of physicians providing Pap testing and restricted the sample to these physicians for the remainder of analyses. We compared physician and practice characteristics, screening practice, and beliefs by physician specialty by using chi-square statistics. We used logistic regression analyses to assess the association among physician characteristics, practice characteristics, and beliefs about screening and guideline-consistent screening recommendations. For the preliminary models, we selected a priori a core set of variables that have been shown to be associated with practice patterns. In addition to physician specialty, these variables included age, sex, board certification, and medical school affiliation (17) (18) (19) (20) (21) (22) (23) . We included this core set of variables in all multivariate models. We also evaluated more novel physician and practice characteristic predictor variables, which we hypothesized to be associated with screening practice but had not extensively studied. To aid in further hypothesis generation, we explored associations with these more novel variables adjusted for the a priori covariates, using a P value-driven approach to develop the final model. Variables with a statistically significant association with the outcome variable at a P value less than 0.100 were retained. We did not assess interactions between covariates. We used the sample weight assigned to each survey respondent, accounting for the probability of selection, as well as adjustment for nonresponse by sample strata. Nonresponse adjustments were done with the branching algorithm CHAID (Chi-square Automatic Interaction Detection) and were based on variables available from the AMA Physician Masterfile for both respondents and nonrespondents. We used the statistical software SUDAAN (24) to apply the sampling weights and incorporate the stratified survey design in the descriptive statistics and logistic regressions.
Role of the Funding Source
This work was performed by federal researchers at the National Cancer Institute and the Centers for Disease Control and Prevention in consultation with an outside clinician. The survey was performed under a contract with Westat supported by the National Cancer Institute, Centers for Disease Control and Prevention, and Agency for Healthcare Research and Quality.
RESULTS
A total of 1212 physicians completed the survey, for a cooperation rate of 73.4%. The response rate, calculated according to a standard formula (RR 3 ) approved by the American Association for Public Opinion Research (25) (including the "no contact" physicians in the denominator), was 67.5%. Overall, 91.0% (95% CI, 89.0% to 92.6%) of primary care physicians reported providing Pap testing as a service to their eligible patients. For the remainder of our analyses, we restricted the sample to these primary care physicians (n ϭ 1114). Most were male and non-Hispanic white ( Table 2) . Most were board-certified and practiced in urban areas in a variety of settings, including solo practice (25%), single-specialty group practice (48%), and multispecialty group practice (25%). Most had a majority female patient population. Many of these characteristics varied by specialty.
Practice Characteristics and Beliefs About Pap Test Screening
We observed statistically significant variation in practice characteristics and beliefs about Pap screening by specialty ( Table 2 ). More than 75% of OB/GYNs ordered or performed more than 40 Pap tests per month, compared with 5.2% of internists and 12.7% of general or family practice physicians (P Ͻ 0.001). They were also more likely than internists or general or family practice physicians to use patient reminders (P Ͻ 0.001). Among physicians who used patient reminders, 75.8% used mailed reminders and 39.3% used telephone reminders. Less than half of Pap test providers reported using physician reminders; among this group, 57.0% used chart reminders and 51.6% used computer prompts.
Most physicians usually used liquid-based cytology, although this varied across specialty (P Ͻ 0.001). This practice was also reflected in the high proportions of all physicians who endorsed liquid-based cytology as being very effective in reducing cancer mortality compared with the proportion who endorsed conventional Pap tests as being very effective. More than 80% of all physicians reported that at least 1 set of screening guidelines was very influential on their clinical practice, and they rated their own society guidelines higher than other society guidelines. Fewer than 2% of physicians reported that guidelines were not at all influential on their clinical practice
Recommendations for Starting Pap Test Screening
More than 95% of all physicians recommended Pap testing at least every 3 years for the 18-year-old woman who became sexually active 3 years ago ( Table 3) . Responses for the non-sexually experienced 18-year-old woman were more diverse, with 32% recommending Pap testing annually and 49% recommending no Pap test screening.
Recommendations for Pap Test Screening Frequency
Responses about screening frequency were diverse and were associated with the age of the woman in the vignette as long as the screening and sexual history were the same ( 
Recommendations for Stopping Pap Test Screening
For the woman whose cervix was removed for benign reasons, 52.8% of physicians recommended no Pap test ( Table 3) . For the 66-year-old woman with unresectable NSCLC and for the healthy 71-year-old woman (both with 3 consecutive negative Pap test results), 56.6% and 44.1% of physicians recommended no Pap test, respectively. Pap ϭ Papanicolaou. * 1114 physicians. † Estimates are weighted for selection probability and nonresponse by using survey design variables and SUDAAN statistical software (24) . § Consistent with good clinical practice because median survival for unresectable non-small-cell lung cancer is short and no benefits of screening could be realized.
Guideline-Consistent Screening Recommendations
Guideline-consistent recommendations varied by specialty across the 4 vignettes included in the composite measure (Figure) . More than 95% of physicians had guideline-consistent recommendations for the 18-year-old woman with first sexual intercourse 3 years ago. Closer to half had guideline-consistent recommendations for the other 3 vignettes. The greatest variability across specialty was for the 66-year-old woman with unresectable NSCLC. Overall, 22.3% (CI, 19.9% to 25.0%) of all physicians reported guideline-consistent recommendations for all 4 vignettes included in the composite measure. Guidelineconsistent recommendations ranged from 16.4% for OB/GYNs to 21.1% for general or family practice physicians to 27.5% for internists. Because more than 95% of physicians had guideline-consistent recommendations for the only vignette to address underscreening (the 18-year-old woman with first sexual intercourse 3 years ago presenting for her first gynecologic visit), sensitivity analysis excluding this scenario from the composite measure had no appreciable impact on guideline-consistent recommendations. Thus, our guideline-consistent measure represents overuse of screening by primary care physicians.
Controlling for the influence of other physician and practice characteristics in multivariate analysis, specialty was associated with guideline-consistent recommendations (Appendix Table, available at www.annals.org). Compared with OB/GYNs, internists and general or family practice physicians were more likely to have guideline-consistent recommendations (odds ratio, 1.98 [CI, 1.22 to 3.23] and 1.45 [CI, 0.99 to 2.13], respectively; Wald test P Ͻ 0.050). Other factors independently associated with guideline-consistent recommendations included board certification, multispecialty practice, and younger physician age (P Ͻ 0.050).
DISCUSSION
We used a large, nationally representative sample of primary care physicians to identify current Pap test screening practices in the United States during 2006 to 2007. We used clinical vignettes describing women by age and by sexual and screening history to elicit physicians' recommendations for Pap test screening. Fewer than one fourth of physicians reported guideline-consistent recommendations for Pap test screening across vignettes when guidelines were uniform for initiating and stopping screening. Physicians recommended initiating screening in an 18-year-old woman who had not yet had sexual intercourse and continuing screening in patients who had had hysterectomy for benign disease or with unresectable NSCLC. These recommendations reflect overuse of Pap test screening, which is expensive for the health care system (26 -28) and may result in unnecessary follow-up testing (29) and increased risk for colposcopy-associated illnesses and adverse birth outcomes (30) , as well as distress for patients (31) (32) (33) (34) . Quantifying the costs associated with overuse of screening will be an important area for additional research. We observed overuse in clinical situations in which major guidelines are uniform, and among physicians who describe professional society screening guidelines as being very influential on their clinical practice. Other local guidelines or quality-of-care measures, such as the Healthcare Effectiveness Data and Information Set, may also influence screening recommendations. The Healthcare Effectiveness Data and Information Set measure at the time of the survey was the percentage of women aged 21 to 64 years who had had at least 1 Pap test in the past 3 years (35). Other factors potentially associated with overuse of screening include disagreement with guidelines, confusion due to changes in guidelines over time, financial incentives for more frequent screening, and concerns about malpractice.
To identify English-language studies of physicians' Pap test practices in the United States, we searched MED-LINE through June 2009. Our findings are consistent with other studies (36, 37) that show that physicians' and other providers' recommendations for Pap test screening are not consistent with guidelines, reflecting initiating screening sooner (36, 37) and continuing screening in women for whom screening is no longer recommended (36, 37) . As has been reported elsewhere (17-19, 21, 23) , physician specialty was associated with reported cancer screening practice. Internists, the group with the lowest Pap test volume, were most likely to have guideline-consistent recommendations, followed by general or family practice physicians and OB/GYNs. Although we controlled for the effects of other physician and practice characteristics in multivariate analyses, unmeasured factors, such as training in evidence-based medicine or other primary care practice features, may be related to these specialty differences. We could not directly compare specialty differences with other recent studies of Pap test screening practice conducted in single physician specialties (36, 38) or among other types of providers (for example, nurse or midwife). Compared with a study of OB/GYNs conducted in 2003 (36) , the OB/GYNs in our study were more likely to recommend stopping screening for the woman with hysterectomy for benign reasons and more likely to recommend extending Pap test screening intervals for a well-screened, low-risk woman.
In addition to differences in performance by physician specialty, we also found that younger physicians; those who were board-certified; and those practicing in larger, multispecialty settings were more likely to conform to Pap test guidelines. These findings are consistent with other studies showing higher levels of preventive care delivery among younger and more recently trained physicians (39) , those who are board-certified (21, 22) , and those in larger practices (21) .
Our findings are also consistent with overuse of Pap testing reported by women, particularly among those who had hysterectomy (6, 7) and are at extremely low risk for cervical cancer. Patients may also play a role in overuse of cancer screening. Women in the United States have been reported to be resistant to less-than-annual Pap test screening, even if recommended by their physician (40) or if they no longer have a cervix (40), although more recent studies suggest that women are receptive to being screened less often after a negative HPV test result (41) .
Many effective physician-targeted interventions have been developed to increase cancer screening (42, 43) . Although we observed little underuse of Pap testing (Ͻ3%) for an 18-year-old woman with first sexual intercourse 3 years ago, improving screening in this group still remains an important cancer control objective, because most cervical cancer cases in the United States occur in women who have never or rarely been screened (5) . Strategies to improve guideline-consistent screening will need to consider the possibility of over-and underuse of Pap testing as well as more comprehensive models of patient-, physician-, and system-level influences on screening. Multilevel theoretical models of factors that influence and explain overuse of health services have been applied to the overuse of antibiotics (44) and diagnostic tests (45, 46) . Currently, Medicare does not pay for annual Pap tests in well-screened, low-risk women, and the National Breast and Cervical Cancer Early Detection Program supports extending intervals for women with 3 consecutive negative Pap test results (47) . Incorporation of reimbursement policies may be an important component of targeted interventions to improve guideline-consistent use of Pap test screening.
Despite the strengths of using a large national, population-based sample of primary care physicians with a high survey response rate, our study had several limitations. We used standardized clinical vignettes to elicit physician Pap test screening practices, which may not reflect the diversity of women seen in clinical practice. These vignettes contained key components of screening guidelines, including age, screening history, sexual history, and comorbid conditions, but not information about possible sexual contact without intercourse, HPV status, or HPV cotesting that could influence recommendations about Pap testing. Evaluating the role of HPV cotesting will be an important area for additional research.
Vignettes have been used in other settings to elicit information about physician practices (36) , and our vignettes were cognitively tested in physicians before fielding the survey. We did not validate the individual vignettes or the composite measure, however. By combining 4 vignettes into a single composite measure, the probability of having guideline-consistent recommendations was lower than with any single vignette. However, because physicians see a variety of patients, this composite measure may more accurately reflect the diversity of clinical practice. Finally, our estimates of screening practices are based on physician self-reports that were not validated through medical records review. Earlier studies have shown that physician self-report overstates practices they believe to be recommended (for example, patient receipt of cancer screening [48] ), although more recent studies (49) suggest that physician self-report of practice is reliable. Any idealized reports of practice would imply that guidelineconsistent screening recommendations are lower than reported here.
In summary, we observed that primary care physicians' recommendations for Pap test screening are generally not consistent with major guidelines, and reflect overuse of screening. Recommendations varied by physician and practice characteristics. Although guidelines were reportedly influential, they are only 1 factor influencing decisions to recommend screening. Development and dissemination of effective interventions that focus on potentially modifiable physician-and practice-level factors will be important for facilitating cervical cancer screening practices that are consistent with the most recent scientific evidence.
